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HE existence of hypothalamic substances which regulate the func-
Ttion of the anterior pituitary was postulated by Harris about 40
years ago.! However, only in the last few years has it been possible to
prove his hypothesis. The isolation, structural determination and, final-
ly, synthesis of several of the releasing hormones in the hypothalamus
has been accomplished only recently. These hormones are now available
for clinical study and their diagnostic and therapeutic uses are being
evaluated.

HistoricaAL BAcCKkGROUND

About 35 years ago, when the pituitary was still “the master gland,”
several physiologists asked: What controls pituitary secretion? It was
known that the hormones secreted by the posterior pituitary, oxytocin
and vasopressin, were also found in the hypothalamus. Later it was
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Fig. 1. Schematic representation of the anatomical interrelation between the hypothal-
amus and the pituitary.

shown that these two hormones are actually manufactured in special-
ized nerve cells in the hypothalamus. They then flow down the pitui-
tary stalk through the axons of hypothalamic nerve cells, and are stored
in the posterior pituitary, from which they may be secreted into the
bloodstream after a proper physiological stimulus has been delivered.
This observation led Drs. E. and B. Scharrer to formulate the new con-
cept of neurosecretion.” They suggested that specialized nerve cells
might be able to manufacture and secrete true hormones, which would
then be carried by the blood to exert their effects in target tissues or
organs remote from their point of origin. While these concepts were
being formulated, it was found that the anterior pituitary behaved dif-
ferently. Indeed it was already known that the anterior and posterior
pituitary originate from different structures. Although there are no
axons connecting the hypothalamus to the anterior pituitary, the func-
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tion of the anterior pituitary is dependent on the integrity of the
hypothalamo-pituitary structures.® In 1936 the pituitary portal system
was discovered.* This is a bundle of tiny blood vessels which extend
from the floor of the hypothalamus through the pituitary stalk to the
anterior pituitary. In 1937 Harris proposed that hypothalamic control
of the anterior pituitary could be neurochemical.* Substances manufac-
tured by nerve cells in the hypothalamus could be released into the
capillaries that run from the hypothalamus to the anterior pituitary,
where they could stimulate specific cells to secrete certain hormones.
This hypothesis—that pituitary function is controlled by neurohor-
mones originating in the hypothalamus—was soon proved true on the
basis of physiological studies in many animals. However, it took more
than 30 years to isolate and characterize the postulated hypothalamic
hormones.

ANATOMY

The hypothalamus (Figure 1) is an area of the diencephalon lying
at the base of the brain, ventral to the thalamus, and forming the floor
and part of the lateral wall of the third ventricle. It is bounded ante-
riorly by the optic chiasma and posteriorly by the mammillary bodies.
The median eminence of the tuber cinereum, which is an expansion of
the floor of the third ventricle, is connected to the pituitary by the
pituitary stalk. In the posterior pituitary there are axons which come
down from the hypothalamus. In the anterior pituitary there is a portal
system of blood vessels between the median eminence and the pituitary.
Hypothalamic nerve fibers of different types secrete chemical sub-
stances from their nerve endings into the capillaries in the median
eminence. These substances are carried by the portal system to the
pituitary gland, where they stimulate or inhibit the release of various
anterior pituitary hormones.

The existence of at least nine hypothalamic hormones of the an-
terior pituitary is now fairly well established (see accompanying table).®
Several of these substances affect synthesis as well as release of the
pituitary hormones; in addition, some have inhibitory effects. For at
least three pituitary hormones (prolactin, growth hormone [GH], and
melanocyte-stimulating hormone [MSH]) there is a dual system of
hypothalamic control—one system stimulates and the other inhibits re-
lease. The need for an inhibitory system for these hormones can be
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Hyporaaramic HormoneEs KnowN To CoNTROL THE RELEASE
or Prtrurtary HORMONES

Corticotropin-releasing hormone

Thyrotropin-releasing hormone

Luteinizing hormone/releasing hormone*

Follicle stimulating hormone/releasing hormone*

Growth hormone/releasing hormone

Growth hormone/release-inhibiting hormone
Prolactin-releasing hormone

Prolactin release-inhibiting hormone

Melanocyte-stimulating hormone/releasing hormone
Melanocyte-stimulating hormone/release-inhibiting hormone

*Gonadotropin-releasing hormone (GnRH): one hormone releases both LH and
FSH.

explained by the absence of a negative feedback mechanism from the
target organs, whereas the hormones secreted by the thyroid, adrenals,
and gonads act upon the hypothalamus and pituitary and thus are able
to control their own rates of secretion.®

LuteiNizING HorMONE AND FOLLICLE-STIMULATING
Hormone/ReLEASING HorMmoNE (LH-FSH/RH)

In 1971 Schally et al. reported the isolation, structural determination,
and synthesis of a hypothalamic hormone which was able to stimulate
secretion of both luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) in many laboratory animals and in human beings.?
This substance was a relatively simple decapeptide (Figure 2). Soon
after the chemical structure was revealed, it was synthesized, and large
quantities became available for physiological and clinical studies. It has
been shown that the effect of the synthetic and the natural LH-FSH/
RH are the same.” When LH-FSH/RH is injected into animals or
humans there is always a release of both LH and FSH. In view of these
facts, Schally suggested that there is only one releasing hormone for
both gonadotropins.® * However, this is still an unsettled problem. It is
true that when LH-FSH/RH, whether natural or synthetic, is injected
into animals or humans both LH and FSH are released, but usually
there is more release of LH than FSH. Careful studies of gonadotropin
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Fig. 3. Effect of 50 pg. GnRH injected intravenously in one subject during different
stages of a normal menstrual cycle.

in the normal menstrual cycle reveal that at certain times in the cycle
there is divergence between LH and FSH. In the early follicular
phase FSH is high and LH is low. At the time of ovulation, there is a
very large increase in LH (the “LH surge”) and a much smaller in-
crease in FSH. Divergence between LH and FSH are also seen in
certain pathological conditions. Recently Bowers isolated from the
hypothalamus of the rat a crude extract which had significant FSH-
releasing activity.'* However, each time FSH was released LH was
released also, although in smaller amounts. Thus, the question of

Bull. N. Y. Acad. Med.
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whether the gonadotropins have one or two releasing hormones has not
been settled, but for practical purposes LH-FSH/RH releases both
gonadotropins; therefore, many investigators call it gonadotropin-
releasing hormone (GnRH). I shall now describe various clinical ex-
periments performed with GnRH. These studies were limited to human
beings.

Dose REsPoNsE

When increasing quantities of GnRH are injected, there is an
increased response in the release of LH and FSH, but above a certain
dosage the response remains constant, indicating that there is a maximal
level of stimulation by GnRH above which increased dosage levels will
not cause more release of LH or FSH.**> However, interpretation of this
type of study is difficult since there is significant individual variability
and, in addition, it is difficult to distinguish between a response to
GnRH and a physiological pulse of gonadotropins.

ResponseE To SINGLE INJECTIONS IN THE NORMAL MENSTRUAL CYCLE

When a single dose of GnRH is injected intravenously, there is a
prompt release of LH and FSH, which reaches maximal levels for both
after 25 to 30 minutes and then gradually declines. The rate of decline
is different for LH and FSH. While LH declines quite rapidly and may
reach baseline levels after three to four hours, the level of FSH is main-
tained much longer. This is probably caused by the differing half-lives
of LH and FSH.** While the half-life of LH is about 19 minutes, the
half-life of FSH is about 3.9 hours.**

When GnRH was injected at different stages of the menstrual
cycle, it was found that the response to a standard dose varied (Figure
3). The response was smallest in the early follicular phase (day three-
four), maximal in midcycle (about the time of expected ovulation),
and moderate in the midproliferative or midluteal phase. Similar results
were found by other investigators.'™ *® Since in all these experiments
the dose of GnRH was the same, the results clearly indicate that the
sensitivity of the pituitary gland changes in the course of the cycle.
This is probably caused by the changes in the level of gonodal steroids
during the cycle. Further evidence substantiating this hypothesis came
from amenorrheic hypoestrogenic patients. When GnRH was given to
them, the gonadotropic response was minimal. When the same experi-
ment was repeated after pretreatment with estrogens, the increase in
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LH and FSH was much higher.?® This explains further the positive
feedback mechanism in the normal cycle. In the early follicular phase
the follicles mature under stimulation by a certain level of gonado-
tropins, but they do not secrete estrogens until a specific stage of
development is reached (eighth to ninth day). They then start to pro-
duce estrogen, which increases pituitary sensitivity to GnRH. When
a follicle reaches maturity the estrogen level is highest. This in turn
probably brings the pituitary to its maximal sensitivity to GnRH and
a maximal release of gonadotropins (the LH surge), which is believed
to trigger ovulation. This mechanism couples follicular maturation with
pituitary function. Another mechanism that possibly regulates ovula-
tion may be an increased release of GnRH from the hypothalamus dur-
ing midcycle. At present it is not clear which mechanism triggers
ovulation. It is possible that both mechanisms act simultaneously.
GnRH activity has been detected by bioassay in the peripheral blood
of women in midcycle at the time of the ovulatory LH surge, but this
finding has not yet been confirmed by immunoassay, although immuno-
assays for GnRH have been developed.” *®

REesponses To GNRH 1n ABNorMAL CONDITIONS

Most of our studies were done in abnormal persons: patients with
primary and secondary amenorrhea, pituitary tumors, anorexia nervosa,
and other conditions. The aim was to differentiate between hypothala-
mic and pituitary amenorrhea, and if possible to develop a method of
testing hypothalamo-pituitary function. Initially the problem looked
simple. After injection of GnRH the release of gonadotropins is deter-
mined by radioimmunoassay. If adequate release ensues, the pituitary is
norma] and the cause of amenorrhea is probably in the hypothalamus
or central nervous system. If there is no release of gonadotropins, the
defect is in the pituitary. However, after we and other investigators®* 2!
had started these studies, we discovered that things are not that simple.
When GnRH was injected into patients with idiopathic, secondary
amenorrhea, most of them responded normally, indicating that the
pituitary was able to release gonadotropins when stimulated. We as-
sumed, therefore, that the disturbance was probably located in the
hypothalamus. However, this was a rough approximation, since sec-
ondary amenorrhea has many causes. The single-injection test could
not pinpoint the anatomical location.

Vol. 50, No. 10, November 1974
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Fig. 5. Levels of LH, FSH, and estrogens in plasma after repeated single injections of
GnRH in two patients with primary amenorrhea. Note: Patient H. S. was tested twice,
once without treatment and the second time after pretreatment with Premarin.
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RePEATED SINGLE INJECTIONS

After we had given the single intravenous injections to approxi-
mately 5o to 6o patients, we recognized that we had not gained much
new information. Most of the patients responded—some more and some
less, but only a few did not respond at all. Therefore, as a test that
could differentiate between hypothalamic and pituitary pathology the
procedure was disappointing. Before a practical test could be worked
out several basic questions had to be answered:

1) What do we know about the biological reserve of the pituitary
and how can it be assessed?

2) Could the pituitary be exhausted, and how?

3) If the pituitary is exhausted, how much time elapses before the
gonadotropins are resynthesized and can be released?

Since our questions could not be answered by single-injection ex-
periments, we decided to give repeated injections of GnRH. In the
first experiments we gave increasing doses of GnRH to two patients
with long-standing secondary amenorrhea and two patients with pri-
mary amenorrhea. All but one received a standard series of 25, 50, and
then 75 pg. of GnRH every two hours (Figure 4). Blood samples were
drawn every five to 15 minutes and assayed for gonadotropins, estro-
gens, and progesterone. As in the other experiments, there was an almost
immediate increase in LH and FSH. Within two hours the level of LH
decreased significantly and returned almost to baseline, but that of FSH
remained elevated. The first patient (L.M.) had a normal FSH response
but very little release of LH. We can speculate that the lack of LH
was probably responsible for anovulation and amenorrhea. The second
patient (V.B.) responded normally. It should be noted that after each
injection the response was similar. There was not much difference in
effect between 5o and 75 ng.

In contrast to the clear responses in the two patients with secondary
amenorrhea, the response in the two patients with primary amenorrhea
was minimal (Figure 5). Patient V.T. had a small rise in FSH and very
little in LH, while in patient H.S. the change in both LH and FSH was
minimal. In order to ascertain whether estrogen treatment would en-
hance the responsiveness of the pituitary, the same experiment was
repeated on H.S. after she was pretreated for 12 days with conjugated
estrogens (Premarin: 1.25 mg./day for three days, 3.5 mg./day for
three days, and 5 mg./day for six days) before the GnRH was given.

Vol. 50, No. 10, November 1974
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Priming with estrogens did not affect the response. All of these patients
were subsequently treated with human menopausal and chorionic go-
nadotropins (HMG-HCG) and responded with ovulatory cycles. One
may conclude from this study that the defect in these patients probably
was in the pituitary, which was unable to respond to GnRH.

CoNTINUOUS INFUSIONS

Since the single injections gave relatively short-term responses, we
decided to give continuous infusions over longer periods of time. These
patients were hospitalized. By means of a Harvard pump, a constant
infusion of 25 pg./hour of GnRH was given for 22 to 32 hours. First,
two normal subjects were given infusions at approximately the late
proliferative phase of their cycles (Figure 6). Patient R.A. was so
treated on the 13th day of a 28-day cycle. She probably was close to
ovulation as indicated by the estrogens—s30 pg./ml. There was a sig-
nificant increase in both gonadotropins. LH reached 3,100 ng./ml
after two hours and FSH reached 2,000 ng./ml. after six hours; then
they gradually declined, but nevertheless remained above baseline level
as long as the infusion was continued.

Patient J.P. was given the infusion on the 12th day of a 28-day
cycle (estrogens 140 pg./ml.). She was not as close to ovulation as the
first patient and had a smaller response, but the patterns were similar.

It seems probable that the initial release comprised stored or easily
released gonadotropins, while the later level, which was more or less
constant, probably represented release of newly synthesized gonado-
tropins. During this period of time the pituitary could not be exhausted
completely. Most striking were the marked oscillations in LH and FSH
in both patients throughout the entire period of infusion, despite the
constant rate at which GnRH was administered.

PriMARY AMENORRHEA

Next we gave infusion to four patients who had primary amenor-
rhea (Figure 7). All were normally developed and had a normal karyo-
type and low gonadotropins; hence they could be classified as having
hypogonadotropic hypogonadism. In all of them the change in LH was
minimal; however, two patients had a certain increase in FSH which
was less than normal but nevertheless significant. The lack of LH re-
lease and the subnormal release of FSH were probably the cause of

Vol. 50, No. 10, November 1974
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anovulation. However, the ovaries in these patients were normal and
were able to respond with ovulatory cycles after treatment with HMG-
HCG. One of these patients (S.D.) is now pregnant.

SEcONDARY IDIOPATHIC AMENORRHEA

The next group consisted of three patients with secondary idio-
pathic amenorrhea (Figure 8). Patients E.L. and V.B. had been treated
previously with HMG-HCG for anovulation, and had conceived and
delivered live infants. Patient E.L. was given the infusion when her
plasma estrogens were 58 pg./ml. A small but significant increase in
LH occurred, while FSH rose promptly and to a much higher level.
Patient V.B. was of particular interest. She responded normally to
single injections of GnRH. Assuming that her functional pituitary
reserve was normal, we pretreated this patient with Pergonal; after
adequate follicular stimulation was indicated by plasma estrogens of
570 pg./ml, GnRH was infused in an attempt to induce ovulation. In
contrast to the results obtained in the normal subjects, there was no
response during the first two hours of infusion. After this period the
gonadotropins increased, but eight to nine hours later they declined
and stayed at baseline levels although the infusion of GnRH was con-
tinued for another 15 hours. In the following days there was no signifi-
cant change in the curve of basal body temperature; the patient bled
on the sixth day after the infusion. The level of plasma progesterone
never rose above 1 ng./ml., indicating that ovulation was not induced
by the GnRH despite adequate follicular stimulation by human meno-
pausal gonadotropins (HMG). In a subsequent cycle similar treatment
with HMG-HCG resulted in an ovulatory cycle.

Our conclusion was that this patient’s pituitary was unable to re-
lease enough gonadotropins to trigger ovulation. This was of particular
interest because the single injections indicated a normal response. The
fact that a continuous infusion of GnRH caused a limited release of
LH and FSH indicated an impairment of pituitary reserve which was
not detected during the single injection test. We feel, therefore, that
the single injection test may be useful as a screening test for hypothala-
mo-pituitary function, but that the pituitary reserve can be assessed
only by continuous infusion. The optimal dose of GnRH and the
duration of the infusion remain to be determined.

Vol. 50, No. 10, November 1974
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AMENORRHEA RELATED TO Loss oF WEIGHT

The four patients with a history of anorexia nervosa (Figure 9)
were a heterologous group.They ranged in age from 15 to 28 years.
All had lost a large amount of weight within a short period of time
during adolescence. Later they regained some of the weight, but re-
mained slim and amenorrheic. All had LH and FSH within normal
ranges. The gonadotropin response to GnRH was similar in all four:
as in the two normal subjects, there was a clear indication of an early
peak in plasma levels of LH and FSH, but in addition there was a
later peak, roughly between 18 and 26 hours. This second peak was
distinctly more pronounced in these patients, while the initial response
seemed to be blunted. The maximal response, reached after 18 to 26
hours, was maintained as long as the infusion was continued. In these
patients the pituitary appears to have a decreased sensitivity to GnRH
and characteristically requires an abnormally long stimulus, but the
ability to respond is probably normal. Whether this decreased sensi-
tivity to GnRH is caused by the long absence of estrogens or other
factors is not known.

AMENORRHEA RELATED To Prruitary Tumor

Three patients with pituitary tumors and one patient with the
“empty sella syndrome” were included in the study (Figure 10). All
three tumor patients presented with secondary amenorrhea and galac-
torrhea. After the study was carried out, patient CK. underwent an
operation, which confirmed the presence of a pituitary tumor. In pa-
tient A.S. a tumor was indicated by an enlarged sella turcica and a
plasma prolactin level above 200 ng./ml., but there were no neurologi-
cal or visual disturbances. Patient E. T, had previously received radia-
tion therapy to the pituitary. It is interesting to note that in these three
patients the infusions of GnRH produced a marked rise in FSH levels,
although this occurred after considerable delay: a maximum was not
reached until the ninth to ri1th hour of infusion. In distinct contrast,
the LH response was subnormal in A.S., negligible in patient CK., and
absent in E.T., the irradiated patient. This pattern of response is very
different from that observed in patient F. C. (Figure 8), a patient with
secondary amenorrhea and galactorrhea without evidence of a pitui-
tary tumor, in whom LH was by far the overriding gonadotropin and
the response to GnRH was most marked. The responses of these pa-
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tients seem to point to selective unresponsiveness of LH to GnRH,
which would suggest that the mechanism involved in the production
of LH is more sensitive to insult and more vulnerable than that respon-
sible for FSH. Patient V. W. had secondary amenorrhea and an en-
larged sella turica, but after extensive clinical study she was found to
be endocrinologically normal and was believed to have empty sella
syndrome.

INTEGRATED Prrurrary TESTs.

Several investigators have suggested combining pituitary-stimulating
substances into a group of “integrated pituitary tests” to assess pitui-
tary function: hypoglycemia for GH response, thyrotropin-releasing
hormone (TRH) for thyroid-stimulating hormone (TSH), and pro-
lactin and GnRH for LH and FSH.?* These tests can be performed
simultaneously, and it is possible that in the future we may have a bat-
tery of tests for pituitary function analogous to what we now have for
liver function. Though it appears promising, our experience with this
method is too limited to draw early conclusions.

Inpuction ofF ForLricuLar MaTuraTioN AND Ovuration witH GnRH

In 1971 Kastin reported the first case of successful induction of
ovulation and pregnancy with porcine GnRH.?* However, careful ex-
amination of his report revealed that his case was not exactly one of
hypogonadotrophic infertility. Since then several additional reports
of successful induction of ovulation and pregnancy have been pub-
lished.?* 2+ 2 In all these cases the patients belonged to a heterologous
group; some had low, others had normal gonadotropins, many had
polycystic ovaries. The dose of GnRH varied and there was much
individual variation in gonadal response to stimulation by GnRH. All
these studies lacked long-term follow-up of the biochemical changes
induced by GnRH. Our aim is to induce a sustained gonadotrophic
release which will induce follicular maturation, as we can now do with
human menopausal gonadotropins (Pergonal), and then to trigger ovu-
lation, as we do with human chorionic gonadotropins. So far, sustained
release of gonadotropin has not been achieved with GnRH. After a
single GnRH injection there is an increase in LH and FSH; this is
maintained for several hours only and then returns to the baseline.
Whether this temporary increase in gonadotropins is sufficient to stim-
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ulate follicular growth and development in all cases is not clear.

We have tried to induce ovulation in two patients with long-stand-
ing secondary amenorrhea who had gonadotropins in the lower range
of normal levels. They were given 150 pg. GnRH per day by subcu-
taneous injection for 17 to 18 days and daily blood samples were
assayed for LH, FSH, and estrogens. Only temporary increases in LH
and FSH were noted and there was no evidence of follicular matura-
tion. Both patients responded well to Pergonal and one conceived.
We concluded that, at least at the given dose and mode of adminis-
tration, GnRH did not release enough gonadotropins for long enough
to cause follicular maturation and ovulation. Dr. Carl Gemzel has had
similar results.28

It is too early to say whether GnRH will be useful clinically for
induction of ovulation. Perhaps different doses and different regimens
and routes of administration are needed: e.g., the use of long-acting
analogs. Another method is suggested by a recent report of intranasal
administration of GnRH that resulted in significant increases in LH
and FSH which were not different from the response to intravenous
injections.” If GnRH is sniffed every few hours the gonadotropins
may be kept elevated for prolonged periods of time, causing follicular
maturation. Within the next year or so we shall be learning much more
about this method.

PossiBLE CoNTROL oF CONCEPTION

Since GnRH is a relatively simple molecule, chemical manipula-
tions are possible to prevent conception and several analogs have al-
ready been developed.®® Further research on analogs might go in two
directions: 1) long-acting analogs with physiological activity similar
to that of GnRH and 2) analogs that compete with GnRH and disrupt
the normal cycle. Both groups of substances may be ideal contracep-
tives, since they act locally in the hypothalmus or pituitary and inter-
rupt the cycle without having the general metabolic effects of the
oral contraceptives. Another possibility for preventing conception is
immunization against GnRH. Antiserums to GnRH have been pro-
duced recently in laboratory animals,* but clinical studies in humans
are not yet available. These, of course, are speculations and we do not
know how they will develop. However, preliminary results of experi-
ments done by Schally and others* are encouraging.
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SuMMARY

We have reviewed briefly the historical background of the releas-
ing factors and the anatomy of the hypothalamo-pituitary region. Sev-
eral clinical studies with GnRH given in single injections, repeated
single injections, and infusions, were described. Finally, the induction
of ovulation with GnRH and the possibilities of using analogs of GnRH
for contraception were discussed.
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ERRATA

The following corrections apply to the book review in the September 1974 issue of
the Bulletin: Pages 955-58: for Donald Eaton read Dorman B. Eaton. Page 960: John
Howard, High Sheriff of Bedfordshire, was required to inspect prisons, not hospitals
or lazarettos.
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